Background: Recently, increases in the risk of Hepatocellular carcinoma (HCC) recurrence in patients with hepatitis C virus (HCV) due to the administration of direct antivirals agents (DAA) have been reported. Methods: One hundred and nineteen patients who were treated with DAA and achieved sustained viral response (SVR) were prospectively followed-up for over two years by transient elastography with liver stiffness measurements (LSM). Fourteen out of 119 patients (12%) had a history of being treated for HCC by radiofrequency ablation or resection and achieved complete responses after previous HCC treatments before the initiation of DAA. HCC was diagnosed by contrast-enhanced computed tomography (CT) or enhanced magnetic resonance imaging (MR). CT or MR was performed before the DAA treatment and every 6 months after during the follow-up. LSM was performed at the initiation of DAA (LSM0), at 24 weeks after the start of DAA (LSM24), at 48 weeks after that (LSM48) and at 2 years after that (LSM2y). Results: LSM0, LSM24, LSM48 and LSM2y of 105 patients without HCC were 7.5 (3.0 -27.0), 6.0 (2.5 -31.6), 4.6 (2.6 -25.2) and 4.4 (3.1 -29.9) kPa, respectively, showing significant improvements. Three out of 105 patients (2.9%) subsequently developed HCC and their LSM showed improvements. Eight out of fourteen patients (57%) with a history of HCC treatments subsequently developed HCC recurrence. LSM0 in the eight patients with recurrence increasing from 12.1 to 27.0 kPa, How to cite this paper: Hirashima, N., Iwase, H., Shimada, M., Urata, N., Iio, E. and Tanaka 256 Open Journal of Gastroenterology LSM24 from 9.9 to 26.6 kPa and LSM48 from 9.6 to 18.0 kPa. On the other hand, the six other patients without recurrence had LSM values that were less than 12.0 kPa at last. Based on the ROC analysis, LSM0 15.4, LSM24 12.8 and LSM48 9.6 kPa were identified as cut-off values. Conclusion: HCV patients previously treated for HCC with high LSM values before and after DAA have an elevated risk of HCC recurrence, particularly LSM24 > 12.8 kPa and LSM48 > 9.6 kPa.
Introduction
Recently, interferon (IFN)-free direct-acting antiviral agents (DAA) have improved the rates of sustained virological responses (SVR) in the HCV-infected patients [1] - [6] . In Japan, daclatasvir (DCV) plus asunaprevir (ASV) was initially approved for chronic hepatitis C virus (HCV) genotype 1 patients in September 2014 [5] , followed by sofosbuvir (SOF) plus ledipasvir (LDV) in September 2015 [4] and ombitasvir (OBV) plus paritaprevir (PTV) with ritonavir (rit) in November 2015 [7] . Furthermore, SOF plus ribavirin (RBV) was approved for chronic HCV genotype 2 patients in May 2015 [8] . Without a previous history of simeprevir therapy and pre-existing Non-structural protein 5A (NS5A) Y93H, DCV plus ASV was reported to be about 90% effective for patients with HCV genotype 1b [9] . DAA were recently shown to achieve SVR in more than 90% of HCV-infected patients even in liver cirrhosis patients with HCV. However, DAA has been reported to increase the risk of hepatocellular carcinoma (HCC) in HCV-infected patients, particularly in those received DAA after the treatment of HCC, potentially causing "HCC recurrence" [10] . SVR decreased the long-term risk of HCC in patients with advanced fibrosis in previous studies on IFN-based treatments for chronic hepatitis C [11] . On the other hand, liver stiffness measurements (LSM) have been significantly reduced by SVR following both IFN-based therapy [12] and DAA therapy [13] [14] . In the DAA therapy HCC recurrence more significantly recognized in the cirrhotic patients with LSM values over 21.5 kPa before DAA therapy [15] . We reported that chronic hepatitis C patients previously treated for HCC with high LSM values before and after DCV plus ASV might be at elevated risk of HCC recurrence [16] . DCV plus ASV was approved only in Japan and Korea of over the world; therefore the aim of the present study was to prospectively evaluate the relationship between the recurrence of HCC and liver stiffness values by transient elastography after the successful treatment of patients with HCV infection with all DAA containing SOF plus LDV, OBV plus PTV with rit and SOF plus RBV. Table   2 shows the laboratory data of 14 cases with previous HCC histories before and after the DAA treatment. Blood chemistry examinations and patient interviews were conducted every two weeks after the initiation of the treatment to detect adverse events. Virological responses were assessed 24 weeks after the completion of the treatment. SVR24 was defined as undetectable serum HCV RNA 24 weeks after the completion of the treatment. All patients were confirmed to have no HCC recurrence using abdominal contrast-enhanced computed tomography (CT) or gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (MRI) and ultrasound (US) before the initiation of DAA. Transient elastography (Fibroscan®) with LSM was performed using the M probe at a skin-liver capsule distance of less than 20 mm and XL probe of more than 20 mm [19] . Ten validated measurements were performed on each patient and a success rate of least 60% was considered to be reliable. The LSM of all 119 patients was successfully performed by the M probe for 109 patients and the XL probe for 10.
Follow-Up of Patients
HCC was diagnosed based on the pattern of nodules on contrast-enhanced CT and Gd-EOB-DTPA-enhanced MR. CT or MR was performed every 6 months before DAA and during the follow-up. LSM was performed at the initiation of DAA (LSM0), at 24 weeks after the start of DAA (LSM24), at 48 weeks after that (LSM48) and at 2 years after that (LSM2y).
Statistical Analysis
Quantitative variables were shown as medians (minimum-maximum). Laboratory data were compared using the t-test (parametric data) and chi-squared test. 
Results

Patient Characteristics
Development of HCC
Three out of 105 patients without a HCC treatment history (2.9%) subsequently developed HCC seven, nine, and 25 months after the DAA treatment. Eight out of fourteen patients (57%) with a history of HCC treatments subsequently showed radiological HCC recurrence a few months (one-fifteen months) after the DAA treatment. Figure 1 shows the cumulative HCC incidence after DAA. The 1-, 2-and 3-year HCC development rates were 1.9%, 1.9% and 3.5% for recurrence, and 43%, 51% and 57% for recurrence, respectively. Table 2 shows the laboratory data of 14 cases with a previous history of HCC before and after the DAA treatment. Only one HCC nodule was present in each patient at the previous occurrence of HCC and was diagnosed by CT or MR. AFP decreased to less than 10 ng/ml in six out of eight recurrent patients, while two patients had AFP higher than 10 ng/ml at SVR24, and five had higher than 10 ng/ml at the HCC diagnosis. A complete response to the treatment of HCC by ablation or resection was obtained. In patients with HCC recurrence LSM0 increased to more than 12.0 kPa (12.1 -27.0), LSM24 increased from 9.9 to 26.6 kPa and LSM48 from 9.6 to 19.8 kPa. The five other patients with LSM values less than 12 kPa at the last Fibroscan showed no recurrence ( Table 2 ). 
Variations in LSM during the Follow-Up
Relationship between LSM and the Recurrence of HCC after SVR
Since the univariate analysis identified a relationship between LSM values and the recurrence of HCC after SVR, we assessed the cut-off values of these factors for predicting HCC recurrence using an ROC analysis. Based on the ROC analysis, LSM0 15.4, LSM24 12.8 and LSM48 9.6 kPa were identified as cut-off values, respectively. AUC were 0.77, 0.79 and 0.92 respectively. Therefore, LSM after the DAA treatment was more useful than that before for predicting HCC recurrence (Figure 3(a) ). The ROC analysis of AFP was not reliable because AFP data were not normally distributed (Figure 3(b) ).
Discussion
DAA is used in the treatment of hepatitis C worldwide because of its safety and high efficacy, including patients with advanced fibrosis and a history of HCC treatments. DAA has recently been reported to increase the risk of HCC in HCV-infected patients, particularly in those received DAA after the treatment of HCC. HCC recurrence rates after DAA therapy with a previous history of HCC treatments vary in different studies due to the heterogeneity of study settings. In the present study, among fourteen patients infected with HCV who achieved SVR by DAA after complete responses to the treatment of HCC by RFA or resection, eight (57%) subsequently developed radiological HCC recurrence after a few months (one-fifteen months). Reig M reported that HCC recurrence was recognized in 27.6% patients within 5.7 months of the initiation of DAA (10) . In that study, some patients were treated with transcatheter arterial chemoembolization (TACE), which is potentially non-curative therapy. All our patients were treated with potentially curative treatments, resection and RFA, HCC recurrence was noted between one and fifteen months after three kinds of DAA; DCV plus ASV three cases, SOF plus LDV three cases and SOF plus RBV two cases. We reported that three out of eight patients treated with resection and RFA Open Journal of Gastroenterology 12.8 and LSM48 9.6 kPa were identified as cut-off values. Regarding LSM after the DAA treatment, LSM24 and LSM48 were more useful than LSM0 for predicting HCC recurrence (Figure 3(a) ). A point of no return for cirrhosis may exist and be identified using LSM values. In HCV patients previously treated for HCC with high LSM values not only before but also after DAA, the risk of HCC recurrence may still be high. The patients obtained SVR by IFN treatments showed the significant regression of LSM [12] . The LSM values in the patients obtained SVR by DAA also were significantly reduced during follow-ups [13] [14] . This early LSM improvement was recognized to be attributed by a decrease in the inflammation of liver tissue. Even in the six other cases without recurrence LSM values showed significant decreases during the follow-up (Table 2 ). Because the elevation of LSM affected by the artifacts due to liver inflammation were no longer observed in LSM24 and LSM48, the decreases of LSM24 and LSM48 are considered to reflect a true improvement of liver fibrosis. LSM0, LSM24, LSM48 and LSM2y of the patients without HCC before DAA at showed significant improvements (Figure 3(a) ). However, LSM24 in recurrent patients increased from 9.9 to 26.6 kPa which was high, and the regression of fibrosis was not recognized before HCC recurrence. In patients previously treated for HCC with high LSM values before and after DAA, the risk of HCC recurrence may still be high.
Post-AFP levels after IFN therapy were previously reported to correlate with the occurrence of HCC [22] . In the present study, the ROC analysis of AFP was not reliable because AFP data were not normally distributed. A large prospective study involving LSM and AFP needs to be conducted. There are limitations to this study. First, the sample size is small in single center study. Second, the patients with a history of HCC treatment were only fourteen, because we restricted their therapy curative (RFA and resection).
Kobayashi reported that SVR by DAA reduces HCC incidence of HCC, the effects of DAA on HCC occurrence remain unknown because of a lack of prospective evidence [23] . In the present study, three out of 105 patients without a HCC treatment history subsequently developed HCC seven, nine, and 25 months after the DAA treatment. The relationship between LSM and the occurrence of HCC currently remains unknown. A large prospective study with properly selected populations and a long-term follow-up needs to be conducted.
Conclusion
In conclusion, HCV patients previously treated for HCC with high LSM values before and after DAA are still at an elevated risk of HCC recurrence, particularly those with LSM24 higher than 12.8 kPa and LSM48 higher than 9.6 kPa. These Open Journal of Gastroenterology patients need to be closely monitored while LSM values are high, even after the achievement of SVR.
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